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INTRODUCTION 
It  is  extremely common in laboratory practice to  bring a  glass, 
quartz, or paraffin surface into contact with alkaline solutions of dilute 
serum proteins, but there is not much definite information regarding 
the adsorption of serum albumin and globulin by these surfaces.  The 
cataphoretic mobility of quartz particles and oil droplets in  protein 
sols will be used here to elucidate more fully the mechanism of adsorp- 
tion of protein at the phase boundaries between quartz and a paraffin 
oil with electrolytes.  Although the method of cataphoresis does not 
always show minor variations in quantity or quality of material ad- 
sorbed, it nevertheless gives an approach to the determination of any 
important gross selective adsorption.  Quartz and oil droplets seem 
to adsorb gelatin and egg albumin non-specificially, but this is by no 
means true for all surfaces.  Red ceils of different mammals (1), for 
example, do not change their cataphoretic mobilities in the presence 
of  small  amounts  of  homologous or  heterologous serum  proteins. 
The presence of gelatin is equally ineffective.  In fact: even in acid 
solutions of pH 3.6 uninjured red cells still retain their negative charge 
in the presence of gelatin (unpublished data).  This means that the 
red cell surface is little if at all changed by the presence of relatively 
great excess of protein molecules. 
The biological importance of comparing the cataphoretic mobility of 
quartz and paraffin oil in the presence of serum is best demonstrated by 
a few examples.  The phagocytosis of inert particles like quartz, car- 
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bon,  manganese dioxide,  and  so  on  is  frequently studied without 
sufficient regard to the surface composition of the particle~.neglecting 
the possibility that the particles may adsorb proteins in dilute solution 
to an extent that would alter the nature of the surface.*  A parallel 
situation exists in studies of adhesiveness of leucocytes to various sur- 
faces.  Similarly it is claimed that the prolongation of the  clotting 
time  of  blood by  a  paraffin  surface is due to a  difference between 
the adsorption of some blood constituent by glass and by paraffin (2). 
Davis has studied the effect of serum proteins on the cataphoresis 
of glass particles (3).  At the time of Davis' experiments, themethod 
of micro-cataphoresis had not been so completely developed as it is 
today.t  The differences between the data of this author and those to 
be reported here are probably due to the difference in method of meas- 
urement and in the nature of the  adsorbing surfaces.  Davis found 
that in isotonic buffers glass particles adsorb protein from about pH 
2.0 to 8.0 (the range investigated), the charge being reversed at pH 
4.5 in sols of sufficient concentration where the particles were pre- 
sumably completely covered with protein. 
Methods 
Apparatus:  The absolute mobility of the particles was determined in a modifi- 
cation of a type of apparatus devised by Northrop and Kunitz (4).  An additional 
change was made in the construction of the non-polarizable electrodes.  The agar 
plug previously used must be changed frequently--as often as once in five days 
or less.  This introduces a serious loss of time.  The ideal material would be por- 
ous and insoluble.~  Thus far plaster of paris plugs, although not completely satis- 
factory,  have  been  very  useful.  Sufficient  powdered gypsum  is  put  into  the 
electrode vessels of the cataphoresis cell and mixed with water in situ.  The porous 
plugs are then permitted to harden and dry for several hours.  Mter filling the 
apparatus with saturated KC1 solution, the solution in the apparatus is connected 
with the plaster plugs, the apparatus is inverted, and the electrode vessels are filled 
with saturated KC1.  About  10  milliamperes are  sent  through  the  system  for 
several hours with the electrode vessels still open.  This apparently hastens the 
saturation of the pores of the plaster of paris plug with electrolyte.  With a given 
voltage the current approaches a peak value, indicating that the KC1 solution has 
permeated the entire system.  The  electrodes are then  completed as described 
previously. 
*Jones,  F. S., J. .Exp. Med.,  1928,  47,  245. 
t  Cemented cataphoresis cells were employed. 
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The apparatus is not always free from streaming, which is particularly prone to 
occur with solutions of high conductance.*  This streaming can usually be avoided 
by the following procedure.  The apparatus is filled with some solution, preferably 
saturated KCI, and one stop-cock is turned, completing the connection between 
atmospheric pressure  and the hydrostatic pressure within  the electrode.  After 
ten minutes equilibrium is usually reached and the same technic is employed on the 
other side.  After each measurement the pressures are similarly readjusted for a 
few minutes.  These procedures make possible  the  determination  of small dif- 
ferences even though a system of high conductance is involved. 
Suspensions:  Crude quartz powder of small particle size (Eimer and Amend) 
was purified by heating with cleaning solution diluted with two parts of water, 
for about  30 minutes.  The particles  were  allowed  to settle  and  the  excess  of 
acid carefully decanted.  A  large amount of distilled water was added and the 
quartz was separated by a fine-pored Berkefeld filter.  The powder was washed 
by about 500 cc. of distilled water and then boiled with an excess of fairly concen- 
trated hydrochloric acid and allowed to settle.  The filter was again employed to 
separate  and  wash  the  quartz.  This  washing was  continued for several  days. 
Very small particles were obtained by fractional sedimentation.  It is important to 
sterilize the final suspension to prevent the growth of molds. 
Emulsions of Nujol (a highly purified paraffin) were easily prepared by shaking 
equal volumes of Nujol and  water  or electrolyte very vigorously for about  15 
minutes.  The  larger  droplets  separated  out  fairly  quickly.  Small  amounts 
of this emulsion were added to the protein sols as needed, the volumes being identi- 
cal in comparative experiments. 
The number of particles of quartz and oil per ram. 3 in the final suspensions is 
difficult to determine with accuracy.  The suspensions used in the final experiments 
were delicately  cloudy, and usually showed about  5-10  particles  of 0.5g  to 5~ 
diameter per field (560  ×) with a blue filter.  The same volume of a suspension of 
quartz particles from a standard suspension was always used. 
Serum was obtained from clotted or defibrinated blood.  Successive dilutions 
were made roughly by means of mixing cylinders. 
Measurements were made at room temperature  (20°-26°C.), in either 0.85 per 
cent or 0.35 per cent NaCI, the pH being fixed by dilute buffers and measured elec- 
trometrically. 
EXPERIMENTAL 
AS is  evident from Fig. I, under the conditions of  these experiments 
surfaces  of  particles of  quartz and paraffin  oil  are  extremely sensitive to 
*  It can be shown readily  that  this  streaming (current  = 0.0045 Amp., specific 
resistance  of electrolyte =  70 Ohms, cross-section  of cell =  0.07  cm.  ~) is most 
probably produced  by  some mechanical deficiency  in  the  apparatus rather  than to 
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traces of protein in 0.8 per cent NaC1 buffered by ~r/150 phosphate at 
pH 7.4.*  With less than I part of human or rabbit serum in 100,000 
parts of solution the mobility is markedly displaced, reaching a level 
which is fairly constant from 1 : 10,000 to 1 : 50.  Similar results were 
obtained with  glass  particles.  Under  these  conditions,  then,  the 
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FIG. 1 
hydrophilic surface of quartz and the hydrophobic surface of paraffin 
oil are very similarly attackedby some constituent of the serum, most 
likely a  protein.  These curves resemble those obtained with  single 
proteins like gelatin.  The data of Davis differ somewhat from those 
* The value of about 1.0~t/sec./volt/cm.  was obtained for many sera in the low 
dilutions.  One serum gave a value closer to .51~/sec./volt/cm.  The reason for 
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just presented.  Davis found that in alkaline solutions protein was 
adsorbed by his glass particles with some di~culty.  These differences 
may be due to differences in material employed or to experimental 
uncertainties.  The experiments here recorded give excellent evidence 
that under certain circumstances probably a great part of surfaces of 
para/fin oil or glass are covered even at dilutions of serum of 1 : 100,000. 
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Similarly,  in the presence of leucocytes,  red cells,  ,and  other systems 
giving  rise  to  the  merest trace  of  proteins,  glass  or  paraffin  oil  surfaces 
must be considered  as  more or  less  subject  to change, perhaps covered 
by a  film  of  these  proteins. 
Pig. 2 shows the same phenomenon occurring at pH 9.3 (borate 174  ADSORPTION  OF  SERIYMC PROTEINS 
buffer) in 0.85 per cent NaC1.  Here, as at pH  7.4,  the rather high 
alkalinity does not prevent adsorption of serum protein even in high 
dilution. 
It was of interest to determine whether the parallelism in mobility 
of quartz and paraffin was observable over a wide range of pH includ- 
ing both sides of the isoelectric points of serum albumin and globulin. 
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Suspensions of quartz and paraffin oil were studied in 1 : 50 serum 
diluted by 0.35 per cent NaC1 buffered by' N/100 acetate buffers, the 
ionic strength of the Na-acetate being held constant.  In this system 
quartz  and  paraffin  have  fairly  identical  cataphoretic  mobilifies HAROLD A.  ABRAMSON  175 
(Fig. 3).  Between pH 3.65 and pH 6.0 the curve of mobility as plotted 
against pH passes through an isoelectric point between 4.7 and 4.8, 
and resembles the titration curve obtained for serum albumin (5).  It 
is obvious that the presence of electrolytes influences the course  of 
such  curves.  The  theoretical  relationship  correlating  mobility  of 
adsorbed protein and combining power for acids and bases  has not 
yet been described.* 
The fact that quartz and droplets of paraffin oil in the presence of 
serum have an isoelectric point practically identical with that of serum 
albumin (Davis had noted an isoelectric point of pH 4.5) reminds one 
of the unsolved problem of the selective adsorption of proteins from 
solutions containing more than one protein.  Here,  in  the  case  of 
serum, the final surface layer seems to consist chiefly of serum albumin, 
if the experimental isoelectric point be taken as the criterion defining 
the nature of the adsorbed protein.  Whether a  globulin surface is 
first formed and is subsequently covered by albumin must be decided 
by experiments with purified serum proteins. 
DISCUSSION 
The  equilibrium  present  in  the  preceding  experiments  can  be 
roughly described by the following schema: 
Particles  Particles 
//  \\  // 
Dissolved l  "x~ Dissolved  ~" 
protein  protein 
\\  Walls  of  //  \"~  Wails of cataphoresis 
Na mixing cylinder t  ceU 
In low dilutions of serum there is much evidence in favor of the view 
that the particles and the glass surfaces involved have an adsorbed 
protein film which forms the interface at the water boundary.  In 
dilute solutions certain complications are present.  For example, in 
1 : 1,000,000  dilution six or more different mixing cylinders are used. 
In each dilution succeeding the one in which a complete protein film 
is formed, unknown and varying amounts of protein are adsorbed by 
* See Abramson, H. A., Proc. Soc.  Exp.  Biol.  and Med.,  1929, 26,  689. 176  ADSORPTION  OF  SERUM  PROTEINS 
the walls  of the mixing cylinders.  Thus  the quantity  of  dissolved 
protein present in the final dilution is uncertain.  Furthermore, the 
nature of the protein may change.  Svedberg and  Sjt~gren  (6)  have 
reported that when serum albumin is diluted, decomposition of the 
albumin  molecules  occurs.  It  is  evident  from  the  experiments 
reported here and elsewhere that the mobility (7)  imparted by ad- 
sorbed protein micells to inert particles at a  1 : 10,000  dilution is very 
near that at a 1 : 100 dilution.  What occurs at extremely high dilution 
is unknown.  Another interesting phenomenon observed in this con- 
nection in protein sols at high dilutions, e.g. at 1:107, with quartz par- 
tides  in  suspension,  is  the variation in  speed  amongst the various 
quartz particles.  Some of the particles move as  if no  protein were 
present.  Others have their velocities lowered slightly--but without 
the uniformity observable in more concentrated sols.  This indicates 
an uneven distribution of the protein on the particles.  When com- 
paratively  few  protein  molecules  are  available,  the  equilibrium 
between particle, vessel wall and dissolved protein is, therefore, most 
difficult to analyse.* 
The practical applications of the preceding remarks in relation to 
the  diluting of sera  is  apparent.  It  is  advisable  at  high  dilution, 
1:1000 or over, to have as little glass surface as possible in contact 
with the sols.  Otherwise the concentration of protein or of immune 
bodies may turn out to be much lower than initially calculated.  Simi- 
larly, the difficulties encountered in studies of phagocytosis of inert 
particles  are of interest.  Washing the leucocytes and vessels com- 
pletely free from protein must be difficult, and since the merest trace 
of adsorbed proteins introduces very complicated systems on the sur- 
face of the particles, the comparison of the phagocytosis of dissimilar 
surfaces such as quartz and paraffin oil in the apparent absence of serum 
is hardly feasible.  If serum is present in sufficient excess so that it can 
be shown that the particles under investigation are completely and 
similarly covered by protein films (so that all the particles have the 
same cataphoretic mobility), the comparison may be more definite (8). 
* In low (1:50) serum dilutions anomalous behavior has been rarely observed. 
For example, a  quartz particle during the course of a  day's experiments may be 
observed to  be unaffected by the protein although  all  others  in  the  systems 
studied were completely covered. HAROLD A.  ABRAMSON  177 
Since  cataphoretic  velocity is  but  one  function of  the particle  ion 
atmosphere,  differences  in  phagocytosis  may  conceivably  still  be 
present even though the cataphoretic mobilities of two different types 
of particles are the same. 
SUMMARY 
1.  The effect of human and rabbit sera on the cataphoretic mobility 
of glass and quartz particles, and of paraffin oil droplets, was studied 
in serum dilutions (with 0.85 per cent NaC1) from 1:50 to 1 : 1,000,000, 
over a pH range of 3.6 to 9.3. 
2.  Under the conditions described, these various types of particles 
adsorbed protein partially or completely from the most dilute solution 
giving these particles  electrokinetic properties characteristic of cer- 
tain proteins, probably here those of serum albumin. 
3.  Quartz  particles  and  paraffin  oil  droplets  both  have  an  iso- 
electric point between 4.7 and 4.8 in a  1 : 50 serum dilution. 
4.  The biological importance of these findings is discussed. 
5.  A  non-polarizableelectrode  composed  of  C.u  [  CuSO,  I 
CaSO~. 2H~O 
Sat.KC1  is  described  for  use  with  cataphoresis cells. 
I  am indebted to Professor L. Michaelis for much valuable advice 
received in connection with this investigation. 
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